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A Study on Simulation and Optimization of the Reactor for 
Hydrocracking 
ABSTRACT 
More and more importance has been attached on the hydrocracking technology due 
to the aggravation of heavy feedstocks with low quality and the gradual increase of 
the demand of middle distillates with high quality. World hydrocracking technology 
and hydroprocessing capacities are intensified quickly, so is hydrocracker’s 
application in China. As a consequence, urgent demand for the optimization and 
simulation training in the industrial hydrocracking process gives a due weight to the 
study on model stimulating and optimizing of hydrocracking reactor. 
The thesis mainly focuses on the hydrocracking reactor including 
model-establishment, parameters estimation, optimization techniques, simulation 
system and the like. It is basically divided into the following parts: 
(1) According to the features and applying conditions of industrial hydrocracking 
reactor. The steady-state mathematic model is established with the combination of 
material balance, energy balance and reaction kinetic. 
(2) The estimation of models’ parameter is introduced. The genetic algorithm with 
transfer operator is used to estimate the parameters of the models. The minimization 
algorithm take the residual error between calculated value and industrial value of 
nitrogen content, production yields and outlet temperature as object function. The 
model is used to predict yield distribution of hydrocracking products and temperatures 
along the reactor. The validity of the model is approved by the predictive result. 
(3) Optimization in the hydrocracking process is analyzed and introduced. 
Maximization of diesel yield and kerosene yield was respectively seen as objective 
functions, and the genetic algorithms(GA) and the sequential quadratic programming  
(SQP) are used to solve the optimization problems. The result proves that the yield of 














effective comparison of the above two methods shows SQP is superior to GA 
considering the computational speed. 
(4) Dynamic characteristics of hydrocracking reactor is discussed. Dynamic model 
of the reactor is built on the basis of steady-state model. Segment divided method is 
used to solve the dynamic model. The real-time simulation is done using the industrial 
data obtained from the industrial hydrocracking unit. The result of real-time 
simulation is in a good agreement with the industrial data and the results of the step 
changes simulation can reflect well the dynamics of temperature and product yields in 
reactor when inputs are changed. 
(5) The simulation system of hydrocracking reactor is found. With the application 
of OPC technology, the computational function of Matlab and images displaying 
technology of XD-APC are perfectly combined so as to offer an effective method to 
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质原油所占比例不断增大（见表 1-1）。据统计，2004 年与 2005 年世界原油生产
量年增长率为 1.5%，而重质原油生产量这两年的增长率分别为 6%和 3%。目前，











1990 2000 2005 
中东地区 264.24 315.27 409.23 
拉丁美洲 385.54 603.99 668.22 
加拿大 71.39 133.39 166.30 
美国加州 112.56 108.91 113.20 
合计 833.73 1161.56 1356.95 
表 1-2 近几年我国成品油市场消费柴汽比与生产比 
年份 1997 1998 1999 2000 2001 2002 
生产柴汽比 1.38 1.39 1.69 1.71 1.8 2.03 






































































进入本世纪以来，世界炼油厂总数已由 2001 年的 742 座减少到 2008 年初的
657 座。而炼油厂平均规模却不断扩大，已由 2001 年的 5.47Mt/a 扩大到 2008






表 1-3 我国近几年加氢能力增长情况 
]，见表 1-3。 
加工工艺 常压蒸馏 加氢裂化 加氢处理 加氢合计 
2001 年，Mt/a 281 13.37 53.88 67.25 
2006 年，Mt/a 369 25.96 97.50 123.46 
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